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REVERSE OPERATION SAFETY CIRCUIT 

Field of the Invention 

The present invention relates generally to lawn and garden tractors and similar 
vehicles. In particular, the present invention relates to a reverse operation safety circuit 
for such a vehicle. 

Background of the Invention 

Lawn and garden tractors often have power take offs (PTOs) that drive 
implements such as mower blades. Prior lawn and garden tractors with PTOs have 
included interlock circuits that prevent engagement of the PTO driven implement when 
the vehicle is in reverse. Under certain conditions, operation of a PTO driven implement 
while the vehicle is in reverse is desirable. Various override systems have been proposed 
that allow operation of a PTO driven implement in reverse. Many of these override 
systems are difficult to operate. 

Override systems have been developed that use a momentary override switch that 
latches an override relay. The override relay is unlatched when certain other conditions 
are met, like shifting out of reverse. 

One proposed system uses a four-position ignition switch. The positions are 
"Off," "Run with override on," "Run with override off," and "Start." In that system the 
user must turn the key to the start position to start the engine, thus resetting the override 
on engine restart. The ignition switch spring returns the key from the "Start" position to 
the "Run with override off position," requiring an additional intentional movement of the 
key by the user to select "Run with override on." 


Summary of the Invention 

The present invention concerns a safety system for a riding lawn mower that 

prevents powered operation of a PTO driven implement while in reverse unless an 
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override switch is "ON". The override switch may be a sustained action two position 
switch and the PTO driven implement may be a lawn mower blade. One aspect of the 
present invention is that the override switch does not allow the engine to start if the 
override switch is on. A second aspect of the present invention is that the override switch 
cooperates with an operator presence switch to prevent operation of the PTO driven 
implement when the override switch is on and the operator is not present. 

Embodiments of the invention are reverse operation control circuits for a lawn 
tractor having an engine and a PTO. One reverse operation control circuit includes a 
battery, a starter motor, an ignition switch, and an override switch. The ignition switch 
selectively energizes the starter motor with the battery to start the engine. The override 
switch allows operation of a PTO driven implement while the lawn tractor is in reverse 
when an actuator of the override switch is in a first position and inhibits operation of the 
PTO driven implement while the lawn tractor is in reverse when the actuator of the 
override switch is in a second position. The override switch inhibits the ignition switch 
from energizing said starter motor with the battery when the actuator of the override 
switch is in the first position. Movement of the actuator of the override switch from the 
first position to the second position allows the ignition switch to energize the starter 
motor with the battery if other conditions are met. In one embodiment, an "ON" override 
switch inhibits the ignition switch from energizing the starter motor by opening a path 
between the ignition switch and a starter solenoid. 

One reverse operation control circuit includes an operator presence switch, such 
as a seat switch, and an override switch. The operator presence switch and the override 
switch prevent the PTO driven implement from operating when an operator is not present 
and the override switch is "ON." The PTO driven implement can be prevented from 
operating by using the state of the override switch to shut down the engine. 

One reverse operation control circuit includes an operator presence switch, an 

additional safety switch, such as a PTO engagement switch, a brake/clutch switch and/or 

a reverse sense switch, and an override switch. The additional safety switch is connected 

to the operator presence switch. The operator presence switch and the additional safety 

switch prevent the PTO driven implement from operating when the additional safety 

switch is in a first state and an operator not present. The override switch and the 
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operator presence switch bypass the additional safety switch to prevent the PTO driven 
implement from operating when an operator is not present and the override switch is 
"ON" regardless of the state of the additional safety switch. 

One reverse operation control circuit includes a magneto, an operator presence 
switch, an additional safety switch, and an override switch. The additional safety switch 
is connected to the operator presence switch. The operator presence switch and the 
additional safety switch provide a path from the magneto to ground to prevent the engine 
from operating when the additional safety switch is in a first state and an operator not 
present. The operator presence switch and the override switch provide a path from the 
magneto to ground that bypasses the additional safety. This prevents the engine from 
operating when an operator is not present and the override switch is in the "ON" position 
regardless of the state of the additional safety switch. 

One reverse operation control circuit includes a starter motor, a reverse sensing 
switch for sensing when the lawn tractor is in reverse, a PTO switch for sensing when a 
PTO driven implement is engaged, and a mow in reverse override switch. The override 
switch has an actuator that is movable between an "ON" position and an "OFF" position. 
The mow in reverse override switch prevents the starter motor from starting the engine 
when the actuator is in the "ON" position. In addition, the reverse sensing switch, the 
PTO switch, and the mow in reverse override switch prevent the engine from operating 
when the lawn tractor is in reverse, the PTO is engaged, and the actuator is in the "OFF" 
position. 

One reverse operation control circuit includes a magneto coupled to the engine, a 
battery, a solenoid, an ignition switch for selectively communicating current flow from 
the battery to the solenoid to start the engine, a reverse sensing switch for sensing when 
the lawn tractor is in reverse, a PTO switch for sensing when a PTO driven implement is 
engaged, and a mow in reverse override switch. The override switch has an actuator that 
is movable between an "ON" position and an "OFF" position. The mow in reverse 
override switch opens a path from the battery to the solenoid to prevent the engine from 
starting when the actuator is in the "ON" position. Further, the reverse sensing switch, 
the PTO switch, and the mow in reverse override switch provide a path from the magneto 
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to ground to prevent the engine from operating when the lawn tractor is in reverse, the 
PTO driven implement is engaged, and the actuator is in the "OFF" position. 

Additional features of the invention will become apparent and a fuller 
understanding will be obtained by reading the following detailed description in 
connection with the accompanying drawings. 

Brief Description of the Drawings 

Figure 1 is an illustration of a lawn and garden tractor equipped with a reverse 
operation override switch and safety switches; 

Figure 2 is a schematic of a control circuit for a lawn and garden tractor; 

Figure 3 is a schematic of a control circuit for a lawn and garden tractor; and 

Figure 4 is a schematic of a control circuit for a lawn and garden tractor. 

Detailed Description of the Invention 

The present disclosure concerns a safety system 10 for a riding lawn tractor 12. 
The safety system 10 includes an override switch 14 that allows operation of a PTO 
driven implement 16 while the lawn tractor is in reverse when an actuator 18 of the 
override switch is in a first or "override ON" position and inhibits operation of the PTO 
driven implement while the lawn tractor is in reverse when the actuator 18 of the override 
switch is in a second or "override OFF" position. One aspect of an exemplary system 10 
is that the override switch must be in the "override OFF" position to start the engine. A 
second aspect of the present invention is that the override switch 14 cooperates with an 
operator presence switch 24 to prevent operation of the PTO driven implement 16 when 
the override switch is "ON" and the operator is not present. 

Figure 1 illustrates a lawn and garden tractor 12 equipped with the system 10 that 

allows operation of a PTO driven implement 16 when the tractor is in reverse. In the 

illustrated embodiment, the PTO driven implement 16 is a mower blade. It should be 

readily apparent that the system 10 could be applied to other PTO driven implements. 

For example, the PTO driven implement could be a snow thrower. In the exemplary 

embodiment, the system 10 comprises a plurality of switches. The system illustrated by 

Figure 1 includes an override switch 14, an operator presence switch 24, a reverse 
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sensing switch 26, an ignition switch 28, a PTO switch 30, and an engagement switch 32. 
The illustrated override switch 14 is a sustained action, multiple pole switch. The 
illustrated operator presence switch 24 is positioned below a seat 34 to sense the presence 
of an operator on the seat. In the illustrated embodiment, a lever 27 controls whether the 
lawn and garden tractor is in "Forward" or "Reverse." An actuator 29 of the illustrated 
reverse sensing switch 26 is in communication with the lever, such that the position of 
the actuator 29 indicates whether the lawn and garden tractor is in "Forward" or 
"Reverse." Referring to Figure 2, the illustrated ignition switch 28 is a key switch that 
selectively energizes a starter motor 36 with voltage from a battery 38 to start the engine 
41. In the exemplary embodiment, the ignition switch 28 closes a path between the 
battery 38 and a starter solenoid 40 to energize the starter motor 36 with the battery 38. 
On some lawn and garden tractors, movement of an actuator 42 of the PTO switch 30 
between an "ON" position and an "OFF" position causes engagement and disengagement 
of the PTO driven implement respectively. On these tractors, the PTO switch 30 is 
coupled to a powered actuator that engages and disengages the PTO driven implement 
based on the position of the PTO switch actuator. On other lawn and garden tractors, the 
PTO driven implement 16 is engaged and disengaged by a manual movement of a 
mechanical PTO engagement linkage. On these tractors, the PTO switch actuator is 
moved by movement of the PTO engagement linkage and thereby senses engagement and 
disengagement of the PTO driven implement. The engagement switch 32 senses 
engagement of a brake 44 and/or engagement of a drive transmission 46. In the 
illustrated embodiment, a single switch senses the position of a pedal 47 that engages the 
brake and disengages the transmission 46 when depressed. In another embodiment, 
separate switches sense engagement of the brake and the transmission. 

In the exemplary embodiment, the safety system 10 includes a safe start circuit 50 
(Fig. 2) and a safe operation circuit 52 (52') (Figs. 3 and 4). The safe start circuit 50 
prevents starting of the engine 41 when the switches sense a potentially unsafe condition. 
The safe operation circuit 52, shuts the engine down (and thereby the PTO driven 
implement) or the PTO driven implement itself down when the switches sense a 
potentially unsafe condition. In the illustrated embodiments, the switches of the safe start 
circuit 50 may also be used in the safe operation circuit 52 (52 1 ). For example, the 
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override switch is included in both the safe start circuit and the safe operation circuit. 

A schematic of one suitable safe start circuit 50 is illustrated by Figure 2. It 
should be readily apparent that this circuit could be modified or other circuits could be 
used to perform the same function as the illustrated circuit. The illustrated safe start 
circuit 50 includes the battery 38, an ignition switch start pole 54, an override switch first 
pole 56, a PTO switch first pole 58, an engagement switch first pole 60, a starter solenoid 
40, and a starter motor 36. The ignition switch start pole 54 is closed when the ignition 
switch 28 is moved to a "Start" position. The override switch first pole 56 is open when 
the override switch 14 is in the "ON" position and is closed when the override switch is 
in the "OFF" position. The PTO switch first pole 58 is open when the PTO driven 
implement is engaged and is closed when the PTO driven implement is not engaged. The 
engagement switch first pole 60 is open when the transmission is engaged and/or the 
brake is not engaged and is closed when the transmission is not engaged and/or the brake 
is engaged. The starter solenoid 40 includes a coil 70 and a pole 72. The pole 72 closes 
when current passes through the coil 70. 

A first battery terminal 62 is connected to ground. A second battery terminal 64, 
is connected in series with the ignition switch start pole 54, the override switch first pole 
56, the PTO switch first pole 58, the engagement switch first pole 60, and a solenoid coil 
70, which is connected to ground. The second battery terminal 64 is also connected to 
the solenoid pole 72, which is connected to the starter motor. 

When the override switch is in the "OFF" position, the PTO driven implement is 
not engaged, and the transmission is not engaged and/or the brake is engaged, movement 
of the ignition switch 28 to a "Start" position provides a path to solenoid coil 70. In this 
state, the solenoid coil 70 is energized and the solenoid pole 72 closes. Electricity passes 
from the battery through the solenoid pole 72 to the starter motor to start the engine 41. 
This condition, under which the circuit illustrated by Figure 1 allows the mower to start 
is defined by Logic Equation 1. 

LOGIC EQUATION 1 

Safe Start = Override OFF AND PTO Off AND Brake On 

The terms in Logic Equation 1 have the following meanings: 
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Override Off - The actuator of the override switch is in the "Off" position. 

PTO Off - The PTO driven implement is not engaged. 

Brake On - The brake is On and/or the transmission is not engaged. 

When the override switch is in the "ON" position, the PTO driven implement is 
engaged, and/or the transmission is engaged (the brake is not engaged), a path is not 
provided to the solenoid coil 70. Movement of the ignition switch 28 to the "Start" 
position does not energize the solenoid coil 70 to close the solenoid pole 72 and the 
engine does not start. 

A schematic of a safe operation circuit 52 of a first embodiment is illustrated by 
Figure 3. In one embodiment, the system 10 includes the safe start circuit 50 illustrated 
by Figure 2 and the safe operation circuit 52 illustrated by Figure 3. It should be readily 
apparent that this circuit could be modified or other circuits could be used to perform the 
same function as the illustrated circuit. In the embodiment illustrated by Figure 3, the 
engine 41 is not necessarily shut down if the operator gets out of the seat and the override 
switch is left ON. The safe operation circuit 52 illustrated by Figure 3 includes an engine 
41 having a magneto 75, an override switch second pole 76, a PTO switch second pole 
78, an engagement switch second pole 80, a reverse sense switch first pole 82, an 
operator presence switch first pole 84, and an operator presence second pole 86. In the 
safe operation circuit illustrated by Figure 3, a path from the magneto 75 to ground is 
provided when an unsafe condition is detected to shut the engine down. Shutting the 
engine down also has the effect of shutting down the PTO driven implement. For 
example, the reverse sensing switch, the PTO switch, and the mow in reverse override 
switch prevent the engine from operating when the lawn tractor is in reverse, the PTO is 
engaged, and the override switch is "OFF." 

In the embodiment illustrated by Figure 3, the override switch second pole 76 is 

closed when the override switch is in the "OFF" position and is open when the override 

switch is in the "ON" position. The PTO switch second pole 78 is closed when the PTO 

driven implement is engaged and is open when the PTO driven implement is not 

engaged. The engagement switch second pole 80 is closed when the transmission is 

engaged and/or the brake is not engaged and is open when the transmission is not 
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engaged and/or the brake is engaged. The reverse sense switch first pole 82 is closed 
when the tractor is in reverse and is open when the tractor is not in reverse. The operator 
presence switch first and second poles 84, 86 are closed when the operator is not present 
and are open when the operator is present. 

Referring to Figure 3, the magneto 75 is connected to the PTO switch second pole 
78. Connected in parallel with the PTO switch second pole are the engagement switch 
second pole 80 and the operator presence switch first pole 84, which are connected in 
series. When closed, the reverse sense switch first pole 82 connected in series with the 
override switch second pole 76 provide a first path 90 to ground from the magneto 
through either (1) the PTO switch second pole 78 or (2) the series connected engagement 
switch second pole 80 and the operator presence switch first pole 84. A second path 92 
to ground from the magneto through either (1) the PTO switch second pole 78 or (2) the 
series connected engagement switch second pole 80 and the operator presence switch 
first pole 84 is provided by the seat switch second pole 86 when closed. A list of 
conditions under which the circuit illustrated by Figure 3 does not ground the magneto 
and therefore allows the mower to continue operating is set forth in Logic Equation set 2. 
If none of the equations of Logic Equation set 2 are satisfied, the circuit illustrated by 
Figure 3 grounds the magneto to shut down the engine. Statements 2A-2G are all 
equivalent statements of the same logic condition for safe operation. 
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Safe Operation = 


EQUATION SET 2 

[In Seat OR (Blades Off AND Brake On)] AND 
{[NOT(In Reverse AND Blades On)] OR Override On} 


2A 


= [In Seat OR (Blades Off AND Brake On)] AND 
[(NOT In Reverse OR NOT Blades On) OR Override On] 2B 

= [In Seat OR (Blades Off AND Brake On)] AND 
[(NOT In Reverse OR Blades Off) OR Override On] 2C 

= [In Seat OR (Blades Off AND Brake On)] AND 
(NOT In Reverse OR Blades Off OR Override On) 2D 

= In Seat AND NOT In Reverse OR 
In Seat AND Blades Off OR 
In Seat AND Override On OR 

Blades Off AND Brake On AND NOT In Reverse OR 
Blades Off AND Brake On OR 

Blades Off AND Brake On AND Override On 2E 

= In Seat AND NOT In Reverse OR 
In Seat AND Blades Off OR 
In Seat AND Override On OR 

Blades Off AND Brake On 2F 

= Blades Off AND (Brake On OR In Seat) OR 
In Seat AND (NOT In Reverse OR Override On) 2G 

The terms in Equation set 2 have the following meanings: 

In Seat - An operator is present on the tractor. 

Blades Off - The PTO driven implement is not engaged. 

Blades On - The PTO driven implement is engaged. 

Brake On - The brake is on and/or the transmission is not engaged. 
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In Reverse - The tractor is in reverse. 
Override On - The override switch is on. 

A schematic of a safe operation circuit 52' of a second embodiment is illustrated 
by Figure 4. In a second embodiment, the system 10 includes the safe start circuit 50 
illustrated by Figure 2 and the safe operation circuit 52* illustrated by Figure 4. It should 
be readily apparent that this circuit could be modified or other circuits could be used to 
perform the same function as the illustrated circuit. In this embodiment, the safe 
operation circuit 52' shuts the engine down if the operator gets out of the seat and the 
override switch is left on. This prevents one or more situations from occurring. For 
example, a first operator could turn the mow in reverse switch on and get off the mower 
while leaving the mower running. A second operator that gets on the running mower 
would not have actively turned the mow in reverse switch on and might have no idea that 
the mow in reverse switch is on. Similarly, an operator could turn the mow in reverse 
switch on and get off the mower while leaving the mower running. The operator could 
get back on the mower after a period of time, having forgotten that she had turned the 
mow in reverse switch on. In this embodiment, the override switch is a three pole switch. 
The first pole is used in the safe start circuit and second and third poles 100, 102 are used 
in the safe operation circuit. 

The safe operation circuit 52' illustrated by Figure 4 includes an engine 41 having 

a magneto 75, an override switch second pole 100, an override switch third pole 102, a 

PTO switch second pole 78, an engagement switch second pole 80, a reverse sense 

switch first pole 82, an operator presence switch first pole 84, and an operator presence 

switch second pole 86. In the embodiment illustrated by Figure 4, a path from the 

magneto 75 to ground is provided when an unsafe condition is detected to shut down the 

engine, and thereby shuts down the PTO driven implement. For example, the operator 

presence switch and the override switch stop the engine from operating when the 

operator leaves the lawn tractor and the override switch is "O N." The override switch 

second pole 100 is closed when the override switch is in the "OFF" position and is open 

when the override switch is in the "ON" position. The override switch third pole 102 is 

open when the override switch is in the "OFF" position and is closed when the override 

switch is in the "ON" position. The PTO switch second pole 78 is closed when the PTO 

driven implement is engaged and is open when the PTO driven implement is not 

engaged. The engagement switch second pole 80 is closed when the transmission is 
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engaged and/or the brake is not engaged and is open when the transmission is not 
engaged and/or the brake is engaged. The reverse sense switch first pole 82 is closed 
when the tractor is in reverse and is open when the tractor is not in reverse. The operator 
presence switch first and second poles 84, 86 are closed when the operator is not present 
and are open when the operator is present. 

Referring to Figure 4, the magneto 75 is connected to the PTO switch second pole 
78. Connected in parallel with the PTO switch second pole are the engagement switch 
second pole 80 and the operator presence switch first pole 84, which are connected in 
series. Connected in parallel with the engagement switch second pole 80 is the override 
switch third pole 102. When closed, the reverse sense switch first pole 82 connected in 
series with the override switch second pole 76 provide a first path 90 to ground from the 
magneto through either (1) the PTO switch second pole 78, (2) the series connected 
engagement switch second pole 80 and the operator presence switch first pole 84, or (3) 
the override switch third pole 102 and the operator presence switch first pole 84. A 
second path 92 to ground from the magneto through either (1) the PTO switch second 
pole 78, (2) the series connected engagement switch second pole 80 and the operator 
presence switch first pole 84, or (3) the override switch third pole 102 and the operator 
presence switch first pole 84 is provided by the seat switch second pole 86 when closed. 

In the circuit 52* illustrated by Figure 4, the operator presence switch and the 
override switch provide a path 104 from the magneto to ground that bypasses the 
additional safety switches. This prevents the engine from operating when an operator is 
not present and the override switch is in the "ON" position regardless of the state of the 
other safety switches. 

A list of conditions under which the circuit illustrated by Figure 4 does not 
ground the magneto and therefore allows the mower to continue operating is set forth in 
Logic Equation set 3. If none of the equations of Logic Equation set 2 are satisfied, the 
circuit illustrated by Figure 3 grounds the magneto to shut down the engine and thereby 
disable the PTO driven implement. Statements 3A-3J are all equivalent statements of the same 
logic condition for safe operation. 
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EQUATION SET 3 

Safe Operation = [In Seat OR (Blades Off AND Brake On)] AND 

{[NOT(In Reverse AND Blades On)] OR Override On} AND 
NOT(Override On AND NOT In Seat) 3A 


= [In Seat OR (Blades Off AND Brake On)] AND 
[(NOT In Reverse OR NOT Blades On) OR Override On] AND 
(NOT Override On OR In Seat) . 3B 


= [In Seat OR (Blades Off AND Brake On)] AND 
[(NOT In Reverse OR Blades Off) OR Override On] AND 
(Override Off OR In Seat) 3C 


= [In Seat OR (Blades Off AND Brake On)] AND 
(NOT In Reverse OR Blades Off OR Override On) AND 
(Override Off OR In Seat) 3D 


= (In Seat AND NOT In Reverse OR 
In Seat AND Blades Off OR 
In Seat AND Override On OR 
Blades Off AND Brake On AND NOT In Reverse OR 
Blades Off AND Brake On OR 
Blades Off AND Brake On AND Override On) AND 
(Override Off OR In Seat) 3E 

= (In Seat AND NOT In Reverse OR 
In Seat AND Blades Off OR 
In Seat AND Override On OR 
Blades Off AND Brake On) AND 
(Override Off OR In Seat) 3F 

= In Seat AND NOT In Reverse AND Override Off OR 
In Seat AND NOT In Reverse OR 
In Seat AND Blades Off AND Override Off OR 
In Seat AND Blades Off OR 
In Seat AND Override On AND Override Off OR 
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In Seat AND Override On OR 

Blades Off AND Brake On AND Override Off OR 

Blades Off AND Brake On AND In Seat 3G 

= In Seat AND NOT In Reverse OR 
In Seat AND Blades Off OR 
In Seat AND Override On OR 

Blades Off AND Brake On AND Override Off 3H 

= In Seat AND (NOT In Reverse OR Blades Off OR Override On) 
OR Blades Off AND Brake On AND Override Off 31 


= Blades Off AND [(Brake On AND Override Off) OR In Seat] 
OR In Seat AND (NOT In Reverse OR Override On) 

3J 

The terms in Equation set 2 have the following meanings: 

In Seat - An operator is present on the tractor. 

Blades Off - The PTO driven implement is not engaged. 

Blades On - The PTO driven implement is engaged. 

Brake On - The brake is on and/or the transmission is not engaged. 

In Reverse - The tractor is in reverse. 

Override On - The override switch is on. 

Override Off - The override switch is off. 

In the exemplary embodiment, the override switch is marked with one or two 
visual indicators or icons that convey switch function to the operator. For example, the 
switch actuator could indicate by its position, which of two states (mow in reverse or no 
mow in reverse) is currently selected. This is not possible with momentary override 
switches. The illustrated mow in reverse switch is a sustained action override switch that 
is independent from the ignition switch. 

Although the present invention has been described with a degree of particularity, 
it is the intent that the invention include all modifications and alterations falling within 
the spirit or scope of the appended claims. 
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